In the isomorphous binuclear Cu 2 X 2 L 2 systems (L = (8-phenylthionaphth-1-yl)diphenylphosphine the Cu…Cu separation is reduced as the halide size increases.
Fig. 1
The crystal structure of (8-phenylsulfanylnaphth-1-yl) 
Scheme 2 The reaction scheme for the preparation of the (8-phenylthionaphth-1-yl)diphenylphosphine copper halide dimers 1-3.
In the molecular structures 9 of 1-3 (Fig. 2 , Table 1 ) the copper atom coordinates to two halide atom and to the bidentate ligand L via sulfur and phosphorus forming [Cu 2 (μ-X) 2 {Nap(PPh 2 )(SPh)} 2 ]. As a consequence of the symmetry the Cu 2 X 2 rhombus core is strictly planar in the form of a parallelogram containing two unequal Cu-X bond distances. With increasing size of the halide, as expected, the Cu-X bond lengths increase, in the range for similar bridged compounds in the literature 10 (2.33-2.82 Å). The binuclear molecules contain a centre of symmetry and this results in the copper(I) atoms having identically distorted tetrahedral environments. Copper has a stereochemical preference for tetrahedral coordination with 'ideal' angles around the copper of 109.5°. 1-3 exhibit greater distorted tetrahedral geometry compared with other compounds containing the Cu 2 X 2 rhombus core.
10

Fig. 2
The crystal structure of (8-phenylthionaphth-1-yl)diphenylphosphine copper bromide dimer 2. Compounds 1 and 3 are very similar and are not illustrated
The P-Cu-S bond angles are comparable in 1-3 and are considerably more acute than similar compounds containing no rigid backbone 10,11 (typical literature values 109.7-119.8 Å) . The ligand geometry is hardly influenced by coordination to the copper centre suggesting the naphthalene backbone plays a significant role in the geometry around the copper atom and keeps the phosphorus and sulfur atoms from moving further apart and attaining a more 'ideal' tetrahedral geometry. The Cu-S bond lengths for 1-3 although comparable with one another are longer than for related compounds from the literature (2.27-2.34 Å). 10 The increase in covalent radius from chloride to iodide causes the halide atoms to move further apart increasing the non-bonded We conclude that the shortening of the Cu..Cu separation is a consequence of the increasing size of the bridging halide ie that X…X repulsion plays a significant role here.. (12) P (1) (1) 108.23 (7) 108.47 (7) 106.70(6) Distance from naphthalene mean plane P 3050s, 2963s, 1949w, 1884w, 1828w, 1579s, 1544s, 1472s, 1432vs, 1352w, 1308w, 1261vs, 1197s, 1092vs, 1021vs, 864w, 817vs, 801vs, 767vs, 740vs, 691vs, 592w, 539w, 499s, 474s, 424w, 387s; δ (8-phenylsulfanylnaphth-1-yl)diphenylphosphine copper chloride dimer 1.
To a schlenk tube containing ligand (8-phenylthionaphth-1-yl)diphenylphosphine (0.678 g, 1.61 mmol)
and CuCl (0.157 g, 1.61 mmol) was added dichloromethane (5 mL) and methanol (5 mL). The reaction was stirred for 2 h. Removal of the solvent and addition of hexane caused precipitation of excess CuCl.
The excess salt was removed by filtration and the solvent was concentrated under reduced pressure.
The oil was recrystallised from dichloromethane/pentane to give green crystalline needles. 2957w, 2914w, 2859w, 2360vs, 2340vs, 2117w, 1771w, 1733w, 1715w, 1699w, 1651w, 1581w, 1476w, 1455w, 1435s, 1392w, 1360w, 1317w, 1261w, 1227w, 1185s, 1113s, 1066w, 1023w, 994w, 924w, 883w, 822s, 800w, 769w, 731s, 716s, 689s, 668s, 587w, 563s, 539s, 506w, 472w, 454w (8-phenylsulfanylnaphth-1-yl)diphenylphosphine copper bromide dimer 2.
To a schlenk tube containing ligand (8-phenylthionaphth-1-yl)diphenylphosphine (0.568 g, 1.35 mmol)
and CuBr (0.388 g, 1.35 mmol) was added dichloromethane (5 mL) and methanol (5 mL). The reaction was stirred for 2 h. Removal of the solvent and addition of hexane caused precipitation of excess CuBr.
The excess salt was removed by filtration and the solvent was concentrated under reduced pressure. 2963w, 2853w, 2361vs, 2340vs, 2215w, 1944w, 1699w, 1651w, 1580w, 1558w, 1541w, 1475w, 1435s, 1318w, 1261s, 1184w, 1098s, 1023w, 993w, 925w, 883w, 821s, 802s, 768w, 731s, 689s, 587w, 563s, 540s, 506w, 419w; (8-phenylsulfanylnaphth-1-yl)diphenylphosphine copper iodide dimer 3.
To a schlenk tube containing ligand (8-phenylthionaphth-1-yl)diphenylphosphine (0.524 g, 1.25 mmol)
and CuI (0.238 g, 1.25 mmol) was added dichloromethane (5 mL) and methanol (5 mL). The reaction was stirred for 2 h. Removal of the solvent and addition of hexane caused precipitation of excess CuI.
The oil was recrystallised from dichloromethane/pentane to give green crystalline needles. 3417w, 3050w, 2346w, 1956w, 1881w, 1806w, 1656w, 1548s, 1477s, 1433vs, 1358s, 1308s, 1196w, 1142w, 1095s, 1060w, 1023s, 998w, 980w, 912w, 816vs, 764s, 748vs, 689vs, 613w, 561w, 529s, 512vs, 490s, 440w; 
